of 20 cm H 2 O, which is recommended to prevent the development of ventilator-associated pneumonia or aspiration of mucus secretions. 3 A variety of methods have been developed to estimate adequate ETTC inflation including the palpation technique, minimal occlusive volume technique, minimal leak technique and predetermined volume technique. However, these estimation techniques do not provide an accurate measure of endotracheal cuff pressure (ETCP) and may still result in variable inflation pressures. 4 Although direct measurement of cuff pressure using a manometer is prudent, in hospitals where there are limited supplies of ETT manometers, availability of an alternative measurement option would be ideal when direct measurement is not possible. 5, 6 This research specifically focused on endotracheal tubes only. Although anesthesiologists can choose any desired syringe size for ETTC inflation, in our hospital, 10-mL syringes were used as standard of practice for ETTC inflation. Different sized syringes may play a role in the clinician's judgment in determining ETTC pressure via gross feedback from the plunger. As such, we hypothesized that anesthesia providers will be able to more frequently achieve an ETCP in the recommended range of 22-32 cm H 2 O when a 5-mL syringe is used to inflate the ETTC as compared to a 10-mL syringe.
| MATERIALS AND METHODS
Following IRB approval (HSC-MS-15-0675), 200 subjects from a convenience sample of patients scheduled for general anesthesia were randomly assigned using a predetermined list generated by Microsoft Excel to either 10-mL syringe ( Figure 1 control group) or 5-mL syringe (Figure 2 -study group) use during ETTC inflation. Additionally, per protocol, if a manometer was used to determine cuff pressure prior to measurement (which is not current standard practice), requiring >1 intubation attempt, artificial airway in situ (endotracheal tube, tracheostomy, etc), status post-tracheostomy, currently pregnant, prisoners, professional singers and those unable to sign their own surgical and anesthesia consent forms (self or family) would have been excluded; however, no patients met this criteria for exclusion during this study. All subjects were of 18 years of age or older.
As current practice gives liberty to the attending anesthesiologist in choosing any desired syringe size that he or she prefers for ETTC inflation, execution of this protocol was not experimental for patient care, but statistically structured for assessing two different syringe sizes. For each subject, the randomized syringe size was given to the anesthesia provider in the preoperative holding area. No instructions were given to the anesthesia provider as to how much air to administer into the syringe during ETTC inflation. All other elements of the anesthetic preoperative evaluation, transport to operating room, monitor placement, pre-oxygenation and induction medications were conducted and determined by the attending anesthesiologist caring for the patient.
Following insertion of the ETT, inflation of the ETTC was performed using a 10-mL syringe (standard syringe) or F I G U R E 1 10-mL syringe (standard group) being used for endotracheal tube cuff (ETTC) inflation F I G U R E 2 5-mL syringe (study group) being used for endotracheal tube cuff (ETTC) inflation a 5-mL syringe (study syringe) with the final inflation volume being determined by the attending anesthesiologist by palpation technique (squeezing ETTC with two fingers and subjectively evaluating the distention of the cuff). Repeated inflations with a 5-mL or 10-mL syringe (variable volume) was permitted until the attending anesthesiologist was satisfied with cuff inflation given their clinical assessment/ experience. Within 10 minutes of intubation and ETTC inflation, an unblinded member of the study team measured and recorded the ETCP using a standard hospital-provided manometer with a measurement range of 0-99 cm H 2 O (AG Cuffill
| RESULTS
The percentage of in-range cuff pressures for the control (10 mL) group was 6.78% and the study (5 mL) group was 10.53%. Overall, 91.53% (n = 54) of the control group and 84.21% (n = 64) of the study group had cuff pressures exceeding 30 cm H 2 O (Figure 3 ). The average cuff pressure for the control (10 mL) group syringe was 68.8 cm H 2 O versus 55.8 cm H 2 O with the study (5 mL) group syringe, resulting in a difference of 13 cm H 2 O (P = 0.01). The average cuff pressure for males was 60.44 cm H 2 O in the control group and 48.34 cm H 2 O in the study group. In females, the average cuff pressure was 74.09 cm H 2 O in the control group and 63 cm H 2 O in the study group. Multivariate analysis showed that there was an association of higher cuff pressures with 10-mL syringe usage (P = 0.002), female gender (P = 0.01) and non-smokers (P = 0.049). Cuff pressure was not associated with height, weight, BMI, BSA or the ETT size. The numbers referenced in our statistical analysis are only for the group with pressures above 30 cm H 2 O. The total number of patients in that data set was 135. Means were used to compare groups as the monitor used did not permit the presence of outliers (max pressure of 99 cm H 2 O) ( Table 1 ).
| DISCUSSION
Our study demonstrated that neither a 10-mL nor 5-mL syringe was predictive at achieving an ETCP within the desired range of 22-32 cm H 2 O and the data demonstrated that the average cuff pressure for the 10-mL (control group) syringe was 68.8 cm H 2 O versus 55.8 cm H 2 O with the 5-mL (study group) syringe, resulting in a difference of 13 cm H 2 O. Even though cuff pressures were above the ideal range for both the study and control groups, cuff pressures in the control groups were much higher on average suggesting that use of a 10-mL syringe may lead to significantly higher cuff pressures, thus increasing the risk for serious complications. The amount of cuff pressures out of the ideal range was not consistent with previous studies as Sengupta et al 1 demonstrated in his study of 93 patients, in which 27% of the patients had an ETCP in the ideal range. As stated previously, cuff pressures exceeding 34 cm H 2 O can lead to decreased mucosal blood flow and pressures exceeding 50 cm H 2 O can lead to the total obstruction of tracheal blood flow. There was no significant interaction between female gender and syringe size, meaning that the effect on cuff pressure of the syringe size was not amplified or diminished in females versus males. It is unclear as to why increased cuff pressures were demonstrated in females and non-smokers; further studies may be needed to determine the causal relationship. The limitations of this study include that the study was conducted at one site. All of the subjects were recruited from one hospital site, thus regional and even departmental variability between anesthesia provider's techniques and institution practices could not be evaluated. In addition, the type of anesthesia provider inflating the cuff varied; although the attending anesthesiologist was present for the cuff inflation, inflation could have been conducted by the attending anesthesiologist, resident anesthesiologist, anesthesiologist assistant or an operating room nurse. Also anesthesia providers were allowed to inject as much air as they thought necessary to achieve a proper seal, allowing multiple inflations with a 5-mL or 10-mL syringe. Additionally, providers were not limited to merely 10 mL or 5 mL of air when inflating the ETTC, possibly negating the use of a smaller syringe size when randomized to the 5-mL group. Although our study did not show that syringe size was predictive of ideal cuff ranges, the data did demonstrate that using a 5-mL syringe resulted in a lower degree of elevated pressure as compared to a 10-mL syringe.
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| CONCLUSION
ETTC pressures were observed to be higher when 10-mL syringes are used compared to 5-mL syringes in our population. Therefore, the use of a 5-mL syringe should be considered during inflation of the ETTC, as this could potentially reduce the likelihood of elevated endotracheal cuff pressures. Further studies assessing smaller syringe sizes to reduce cuff pressures are warranted.
